The purpose of this study was to determnie if echocardiography could detect left ventricular asynergy. Forty-eight patients underwent selective coronary arteriography and cineventriculography for the evaluation of chest pain. Four patients were studied twice: three before and after myocardial revascularization and one before and after an intervening myocardial infarction. Echocardiographic M-mode scans were registered on a strip chart as the left ventricle was scanned with an ultrasonic beam from the aortic root to the region of the posterior papillary muscle approximately 18 hrs prior to the catheterization studies.
SUMMARY
The purpose of this study was to determnie if echocardiography could detect left ventricular asynergy. Forty-eight patients underwent selective coronary arteriography and cineventriculography for the evaluation of chest pain. Four patients were studied twice: three before and after myocardial revascularization and one before and after an intervening myocardial infarction. Echocardiographic M-mode scans were registered on a strip chart as the left ventricle was scanned with an ultrasonic beam from the aortic root to the region of the posterior papillary muscle approximately 18 hrs prior to the catheterization studies.
Ten of the forty-eight patients had no evidence of coronary artery disease. All ten patients had normal ventriculograms in right anterior oblique projection and their echocardiographic scans showed all areas of the left ventricular posterior wall endocardium to move anteriorly 0.9-1.4 cm (mean 1.2 cm) and all parts of the left side of the interventricular septum to move posteriorly 0.3-0.8 cm (mean 0.5 cm) during systole. The 38 patients with significant obstructive coronary artery disease had a total of 42 studies; 25 of these studies showed left ventricular asynergy on the ventriculogram taken in right anterior oblique. The echocardiograms associated with all but one of these studies demonstrating left ventricular asynergy had abnormal motion of some part of the interventricular septum and/ or left ventricular posterior wall. Seventeen studies in patients with significant coronary artery disease did not exhibit left ventricular asynergy on the ventriculogram but eight of these studies were associated with distinctly abnormal echocardiograms.
None of the ten patients with significant coronary artery disease and normal echocardiograms had evidence of transmural infarction on their electrocardiograms. Echocardiographic abnormalities correlated with the anatomic area predicted by the myocardial infarction pattern on the electrocardiogram in 18 of 20 patients.
All patients demonstrating abnormal echographic interventricular septal motion had a significant obstructive lesion in the left anterior descending coronary artery. In the absence of significant involvement of the left anterior descending coronary artery, echographically recorded interventricular septal motion was invariably normal. On the other hand, eight patients had significant obstruction in their left anterior descending coronary artery and their echographic interventricular septal motion was normal.
The results of this correlative study indicate that M-mode echocardiographic scans can detect left ventricular asynergy and may possibly predict regional The ultrasound studies were carried out with a 0.5 inch diameter, 2.25 megaHertz transducer focused at either 7.5 cm or 10.0 cm. The output of the echograph was displayed and recorded on a multichannel oscilloscopic recorder (Electronics for Medicine model DR-8). The patients were studied either in the horizontal position or in a semi-reclining posture with the trunk slightly elevated. All subjects were studied on their backs and the vast majority were studied in some degree of upon frames representing end-diastole. Comments were also made on the temporal sequence and character of wall motion as the films were reviewed during rapid motion. All of the echocardiograms were also reviewed independently by at least two of the authors. Special attention was paid to the timing and extent of interventricular septal motion both in the "apical" and "standard" positions. Also, posterior wall amplitude was observed during scanning from the "standard" to the "apical" positions. All 12-lead resting electrocardiograms were interpreted by at least two of the investigators utilizing criteria for scalar electrocardiographic diagnosis of myocardial infarction as recently reviewed.' 9 
Results
Ten of the 48 patients in this study had normal selective coronary arteriograms and normal left ventricular cineangiocardiograms in right anterior oblique projection. They had an average systolic posterior wall amplitude of 1.2 cm (range 0.9-1.4 cm) and interventricular septal excursions of 0.5 cm (range 0.3-0.8 cm). Figure 2 illustrates a left ventricular echogram from a normal subject.
Abnormal interventricular septal motion was classified as diminished (systolic posterior motion less than 0.3 cm), flat (no detectable motion) or paradoxical (anterior motion during systole). Exaggerated interventricular septal motion, greater than 0.8 cm posterior systolic excursion in the "standard" position, was felt most likely to represent a compensatory change due to loss of normal motion in some other area of the ventricle or possibly to a left ventricular volume overload. Therefore, exaggerated interventricular septal motion was not Thirty-four of the 38 patients with coronary artery disease had significant involvement of the left anterior descending coronary artery, including the four patients who were studied twice. Three of the latter four were restudied following attempted bypass revascularization of the left anterior descending artery, which in each instance was unsuccessful. Interventricular septal motion was normal preoperatively in two of these three patients and became distinctly abnormal postoperatively while in the third case septal motion was abnormally diminished preoperatively and became paradoxical postoperatively. Two of these patients had normal preoperative left ventriculograms but postoperatively were shoxvn to have mid anterior wall hypokineSiS. Table 2 demonstrates the relationship between echocardiographically detected abnormal interventricular septal motion and obstruction of the left Circulation, Volume XLVIII, August 1973 coronary artery disease and abnormal echograms but normal left ventriculograms. Table 3 compares abnormalities in the resting electrocardiogram with the anatomically related portion of the echocardiographic left ventricular scan. There were no false negatives (transmural myocardial infarction and a normal echocardiogram). In 18 of 20 patients with transmural myocardial infaretion the electrocardiographic location of the infaretion correlated with the area of the ventricle which moved abnormally on the echocardiogram. One exception was a patient with an electrocardiographic inferior wall myocardial infarction plus a concomitant 90% obstructive lesion in the proximal left anterior descending coronary artery. The echocardiogram demonstrated abnormal septal motion. Another patient had an anterior myocardial infaretion pattern on his electrocardiogram but exhibited exaggerated echocardiographic septal motion. This case was complicated by the presence of significant mitral insufficiency. with left ventricular asynergy. Figure 3 figure  6 . Figure 7 shows two representative echocardiographic strips from the same patient whose angiograms are illustrated in figure 6 . there was some area of the ventricle which was transsected by the ultrasonic beam and moved abnormally. For example, obstruction to the left anterior descending coronary artery may have produced a large akinetic area in the apex as well as abnormal septal motion. On the angiogram the apical abnormality was most obvious whereas the echocardiogram noted the abnormal septal motion.
Another possible reason for the high percentage of abnormal echograms was that the majority of the patients in this study had significant obstruction of the left anterior descending artery. This vessel is the major source of myocardial blood supply to the left ventricular anterior wall, apex and anterior twothirds of the interventricular septum.21 22 Because the coronary atherosclerotic process tends to involve segmentally only the epicardial course of a coronary artery and involvement of the left anterior descending most frequently is proximal,23 the left ventricular anterior wall, apex and interventricular septum all tend to be included in the ischemic process when this vessel is afflicted. Alterations in the echocardiographic pattern of interventricular septal motion in patients with ischemic heart disease should reflect the state of the myocardium served by the left anterior descending coronary artery and indirectly, therefore, the status of this vessel.
Every patient with an abnormal echographic pattern of interventricular septal motion had a significant flow-restricting lesion in the left anterior '7 The mechanism for the exaggerated interventricular septal motion in a patient with both a volume overload of the left ventricle and an old anterior wall infarction remains obscure, but the finding implies that at least some portion of the myocardium of the interventricular septum was preserved and permitted an appropriate response to the volume stress.
The most common echocardiographic abnormality found in this study was diminished or paradoxical interventricular septal motion. Other diseases have been reported to produce abnormal septal motion; so this finding in itself is not necessarily specific. However, there are some possible clues to help make the proper diagnosis. First of all none of the patients in the present report had a right ventricular dimension beyond the nornal range;'2 therefore, the paradoxical interventricular septal motion most likely has a pathogenesis different from that suggested for volume overload of the right ventricle.12 ' 14, 24, 25 The abnormal interventricular septal motion recorded in the present report appears completely passive when compared with "'active" or rapid movements during certain phases of the cardiac cycle in patients with a right ventricular volume overload. In addition, several patients' echograms ( fig. 7) showed a thinning of the interventricular septum with an apparent increase in echo density of this structure, perhaps analogous to the fibrotic involvement of the mitral valve in mitral stenosis. Patients with left bundle branch block with or without coronary artery disease may also exhibit abnormal septal motion and must be considered when this echocardiographic finding is present.'7 None of the patients in this study had a left bundle branch block.
In order to detect left ventricular asynergy with echocardiography the echocardiographer must examine as many different areas of the ventricle as possible. The patient whose echograms are in figure  7 had normal echographic interventricular septal motion when supine, but when he was turned into the left lateral position, the septal motion became paradoxical. The importance of M-mode scanning was demonstrated by several patients in whom the "'standard" or "apical" echograms were vastly different. The presence of exaggerated wall motion was a helpful hint that asynergy existed and one Circulation, Volume XLVIII, August 1973 needed to search further to find the affected area of the ventricle.
This study is admittedly preliminary and the findings must be substantiated by others. In addition it must be remembered that the echocardiographic examination is frequently technically difficult in patients with coronary artery disease. We were able to obtain satisfactory echograms on only 76% of the patients initially studied. Our percentage should increase with experience and with improvements in technique and instrumentation, but for the time being the inability to record interpretable echograms on all patients with coronary artery disease remains a significant limitation. Despite these problems, the results indicate that in certain patients, especially those with obstruction to the left anterior descending coronary artery, echocardiography can detect regional left ventricular synergy with possibly a high degree of sensitivty.
